Background and Purpose: Hyperacute cerebral infarction trials require early differentiation of infarction subtype. Our aim was to determine clinical factors predictive of infarction subtype from data collected in the early hours of admission.
I t is often difficult to classify patients into different mechanisms of cerebral infarction based solely on clinical criteria. A thorough diagnostic work-up is required because the presenting clinical syndromes are not often distinctive enough to permit an inference of the cause of infarction. Few studies 1 have collected detailed information on the clinical and radiological characteristics of large, homogeneous subsets of patients with acute cerebral infarction. The Stroke Data Bank 2 provided a large collection of prospectively col-lected information on patients with different subtypes of infarction. To determine the clinical features important in distinguishing different mechanisms of stroke, we compared cerebral infarction from large-artery thrombosis to that from cardiac embolism. The aim of our study was to determine the relative importance of data collected in the early hours of admission and to develop a model predictive of infarct subtype.
Subjects and Methods The Stroke Data Bank was a prospective observational study in which acute care and follow-up clinical and laboratory data on patients with stroke were collected. The collaborative study involved the Biometry and Field Studies Branch of the National Institute of Neurological Disorders and Stroke (NINDS) as the coordinating center, with four academic hospital centers: University Hospital of Boston University Medical Center, Michael Reese Hospital and Medical Center, University of Maryland Hospital, and the Neurological Institute of Columbia University. A full description of the Stroke Data Bank can be found elsewhere. ning. A classification for diagnosis was designed to characterize each stroke by causal mechanism. This classification used in each clinical center took into account the neurological and medical history, neurological symptoms and signs, findings on head CT scans, and, when available, angiography, electrocardiography, transthoracic echocardiography, Holter monitoring, and carotid Doppler ultrasonography. Among patients with infarction, angiography was performed in 29% and echocardiography in 56%.
Strokes were classified into the following categories and defined elsewhere 34 : infarction due to large-artery thrombosis (ATH), lacune, embolism from a commonly accepted cardiac source (EMB), embolic infarction with tandem arterial pathology, infarction of undetermined cause or with normal angiogram, parenchymatous hemorrhage, subarachnoid hemorrhage, and stroke from other unusual causes. Strokes in patients with inadequate evaluations, conflicting data, or adequate evaluations that failed to confirm the initial impression of the stroke subtype were diagnosed as being of undetermined cause. This permitted a more specific classification of the other diagnostic categories. For the purposes of this study we will describe further the two infarct subtypes studied.
To classify a patient as having ATH required the presence of a severe stenosis (>80%) or occlusion of the internal carotid artery origin or syphon when angiography was performed. Dissection was not included in this category. The requirement of severe stenosis was used to help differentiate hemodynamic mechanisms from the less severe stenosis needed for the diagnosis of tandem arterial pathology. Major cerebral artery stem occlusion was accepted as angiographic proof of ATH only when a patient had acceptable CT evidence or a transient ischemic attack (TIA) within the previous 30 days in the same territory. Carotid noninvasive testing, if available, could provide the necessary information on arterial atherosclerosis. Supportive CT evidence were findings suggestive of a distal field or borderzone infarction such as suprasylvian frontal and central lucencies which faded toward normal in the parietooccipital region and spared the penetrating territories of the lenticulostriates. Infarcts limited to the proximal territories could not be distinguished as due to atherothrombosis or embolism based on CT scan alone. In the absence of confirmatory laboratory results, a prior TIA or an ipsilateral bruit and either a normal CT scan before 10 days or CT scan evidence of a large area of low density including the proximal field may have led to a diagnosis of ATH. However, an ipsilateral bruit alone was not sufficient evidence to make a diagnosis of ATH.
Cardiac embolism was diagnosed when a recognized cardiac source of embolism was determined and there were additional findings suggestive of an embolic cerebral infarction. Recognized sources were defined as atrial fibrillation or flutter, bacterial or marantic endocarditis, myocardial infarction within the preceding 6 weeks, atrial myxoma, mitral annulus calcification, mitral valve prolapse, right-to-left cardiac shunts, and pulmonary vein thrombosis. The finding of any of these abnormalities alone was insufficient to diagnose EMB, which required other supportive clinical and CT evidence. The CT was confirmatory when a low-density zone was found that corresponded to the territory of a single cerebral surface branch of a major cerebral artery in a setting of a stroke with no prior TIA. Multiple infarcts of different branches of the same major cerebral artery were also accepted. Hemorrhagic infarction inferred by scattered areas of high density was supportive, but not diagnostic, of EMB. When angiography was performed, occlusion or retrograde collateral into a single cerebral surface branch was supportive of a diagnosis of embolism. Multiple sites of occlusion along the course of a major cerebral artery were also supportive of embolism only if they were confined to a single major arterial territory and there was no cerebrospinal fluid or clinical features suggestive of arteritis. In the absence of confirmatory laboratory results, a sudden onset of focal stroke with a nonlacunar syndrome and a recognized source for embolism, despite a normal CT scan, could lead to a diagnosis of EMB.
Demographic variables, historical stroke risk factors, clinical features and syndromes at presentation, and findings on neurological examination and CT scan were compared in patients with ATH and EMB cerebral infarction. Clinical syndromes were categorized as large hemispheric, small hemispheric, lacunar, and basilar. Syndromes are more completely defined in the Stroke Data Bank operations manual.
We compared for the two groups weakness severity on initial neurological examination as measured by the Stroke Data Bank weakness score 2 ; the frequency of arm, leg, and face involvement; and hemiparesis profiles. Further stratification was done by syndrome and by CT infarction volume in ATH and EMB patients. Hemiparesis profiles were defined as fractional or nonfractional. A nonfractional profile for the arm was defined by equal weakness in the shoulder and hand and, for the leg, by equal weakness in the hip and foot. Fractional profiles consisted of proximal or distal predominant weakness. For the upper limb, proximal predominant weakness was defined as weakness in the shoulder exceeding that in the hand and, for the lower limb, weakness in the hip exceeding that in the foot. Distal predominant weakness was defined as the converse.
Volume and location of the clinically relevant cerebral infarction, measured by first CT, were compared in ATH and EMB. The CT results were classified as normal or abnormal and as showing superficial or nonsuperficial infarction, mass effect, or edema.
For proportions, a univariate analysis was done using X 2 tests of association. For continuous variables, the t test was used for significance of means and the nonparametric median test for judging the significance of differences in median values. Given the many tests made in this large data set, some were likely to achieve nominal levels of significance by chance alone. We chose not to adjust significance levels using multiple comparison techniques but rather to consider values with /?<0.01 simply as indicators for further consideration of the variable in our multivariate model.
Stepwise multiple logistic regression was used to identify factors jointly predictive of large-artery disease and embolism from a cardiac source. For the model, the set of potential factors was reduced by backward elimination until only those significant at the 0.05 level remained. Parameters were estimated from the data by maximum likelihood estimation. Odds ratios and 95% confidence intervals (CIs) were calculated based on the ICA, internal carotid artery; MCA, middle cerebral artery; ACA, anterior cerebral artery; PCA, posterior cerebral artery; VB, vertebrobasilar arteries.
•Angiography was performed within a median of 5.0 days. tSum of various findings on echocardiogram exceeds 100% because many patients had more than one abnormality. estimated coefficients and their standard errors. An expected probability was also calculated and compared with the actual diagnosis subtype to assess whether the variables that were good discriminators were also good predictors. A similar approach in a separate model was used to determine the factors jointly predictive of fractional weakness and nonfractional weakness.
Results
Data available for analysis on 1,805 patients with stroke were limited to the 1,273 (71%) cases with cerebral infarction; of these, ATH was diagnosed in 113 (9%) and EMB in 246 (19%). The diagnosis of ATH was supported by angiography in 70% (79 of 113) as described in Table 1 . In 71 the angiogram disclosed an occlusion or stenosis greater than 80%; in the remaining eight the stenosis may have been considered nonhemodynamic on angiographic grounds alone, but in conjunction with CT findings, patients were classified as having ATH.
Among the 34 ATH patients who did not undergo angiography, the diagnosis was supported by at least one CT scan in all, noninvasive carotid imaging in 59% (20 of 34), and the absence of a cardioembolic source. The CT findings included "watershed infarction" 5 in 16 and large middle cerebral artery infarction in 6. 6 In only three patients was TLA the basis of the diagnosis. The final diagnosis of ATH was made by the principal investigator based on a best-guess clinical decision without confirmatory laboratory evidence in only nine patients.
For EMB, all patients had a CT scan, which helped support the diagnosis, and 74% had a prior history of cardiac disease. A history of atrial fibrillation was found in 40%. The first electrocardiogram was abnormal in (Table 1) . Of those who underwent angiography (n=27) or noninvasive carotid testing (n=53), 85% had only minimal carotid stenosis.
The prevalence of male patients and a history of hypertension, diabetes, claudication, and stroke were significantly greater in the patients with ATH than in those with EMB (Table 2 ). In contrast, cardiac disease, decreased consciousness upon presentation, and mean age were all greater in patients with EMB than in those with ATH. The frequencies of black and other patients were also different among the two groups. Mean hematocrit, but not other laboratory values such as blood glucose, was also greater in the ATH group. Hemispheric clinical syndromes were more prevalent in EMB than in ATH patients, whereas the converse was true for basilar syndromes (Table 2 ). Of the patients who were hemispheric, the distribution of large and small syndromes was not different.
The severity and distribution of the motor deficit were not significantly different between the two groups. The hemiparesis profile for the arm, however, was significantly different between the two groups (Table 3) . A nonfractional weakness was more frequent in patients with EMB, whereas fractional weakness was more prevalent in those with ATH. Among the patients with fractional arm weakness, the proportion of distal or proximal predominant weakness was not significantly different in the two infarct subtypes. The significant difference between ATH and EMB patients for fractional arm weakness was limited to those patients with hemispheral syndromes (ATH 59.2% with fractional weakness versus EMB 29.7%;/?<0.001). No difference was found for those cases with nonhemispheral syndromes where the percentage of fractional arm weakness in the ATH group decreased (ATH 29.0% versus EMB 29%; NS). Fractional weakness in the leg was not significantly different in ATH compared with EMB patients (ATH 31.0% versus EMB 21.5%; NS).
Disturbances of language were more prevalent in patients with EMB than in those with ATH (Table 3) . Among those with language disturbance, Broca's aphasia was more frequent in ATH than in EMB patients (29.6% versus 12.2%;p=0.03), but no significant difference was found between the two groups for global aphasia (ATH 29.6% versus EMB 46.9%; NS). No differences were found between the two groups for other deficits using conservative statistical criteria.
There was a similar frequency of identifying a clinically relevant CT abnormality in the two groups (ATH 55.7% versus EMB 54.6%; NS). The total volume of cerebral infarction on the initial clinically related CT was not statistically different for EMB compared with ATH (Table 4) . Infarction confined to the cortical surface was more common on the first clinically related CT in ATH compared with EMB patients.
The motor profile was compared for three different infarct volumes: 0-19 cc, 20-49 cc, and >50 cc. There was more fractional arm weakness for the infarctions of moderate (20-49 cc) and large size in ATH compared to EMB. No statistically significant difference between the two groups was found for the small infarcts ( Figure  1) . The overall proportion of cases with fractional arm weakness was greater in the ATH than in the EMB group even when the volume of infarction was controlled in this stratified analysis. To assess whether volume and subtype of cerebral infarction were both predictors of fractional arm weakness, a restricted regression model was developed. Volume of infarction (p<0.05) as well as stroke subtype (odds ratio 4.4, 95% CI 2.3-8.5) were discriminators of fractional arm weakness by logistic regression. As expected because of Stroke Data Bank definitions, multiple logistic regression confirmed the importance of cardiac disease for the diagnosis of EMB and of TIA for ATH, but also documented the significance of other findings (Figure 2 ). The probability of having the diagnosis of ATH was increased by fractional arm weakness (odds ratio 3.1, CI 1.6-5.8), hypertension (odds ratio=2.8, CI 1.4-5.3), diabetes (odds ratio 2.5, CI 1.2-5.1), and male gender (odds ratio 2.2, CI 1.2-4.1). On the other hand, the probability of EMB was increased in patients with decreased consciousness at the time of onset (odds ratio 3.2, CI 1.4-7.3). In order to address whether decreased consciousness was a surrogate for infarct volume, a model limited to CT volume and decreased consciousness was done. Volume of infarction was not a significant discriminator of the diagnosis subtype.
The predicted probability of ATH over EMB was calculated from two different models. The first model, which contained TIA and cardiac disease alone, showed that only 28.2% of the actual ATH cases were in the predicted probability of ATH range of 0.5-1. When hypertension, sex, diabetes, fractional weakness, and decreased consciousness were added to the model, the frequency of correctly diagnosing ATH increased to 62.6%, whereas the correct prediction of EMB minimally changed from 96.0% in the restricted model to 90.1% in the second model. To maximize sensitivity (the probability of a diagnosis of ATH when ATH is present) in model 2, the cut point was lowered to 0.3 instead of the originally chosen 0.5. This resulted in an enhanced sensitivity of 81% with a modest reduction in specificity (probability of a diagnosis of EMB when EMB is present) to 72%.
Discussion
In the Stroke Data Bank, every effort was made to separate cerebral infarction due to large-vessel atherosclerotic disease from that due to embolism based on clinical, CT, and angiographic findings. This effort resulted in some changes in the large categories of stroke resulting from infarction. In particular, the group often labeled as atherothrombosis was divided into two subgroups: largeartery thrombosis with no evidence of embolic infarction and a form of artery-to-artery embolism arising from an atherosclerotic source. A separate category, infarct of undetermined cause, was created to help ensure the homogeneity of the Stroke Data Bank diagnostic groups. 3 A prior study showed that the interobserver agreement for the Stroke Data Bank definitions was low on initial impression but increased after the work-up was known. 7 For the ATH patients, angiography demonstrated evidence of severe atherosclerosis without showing distal intracranial branch occlusions in 70%. Although these findings supported a nonembolic mechanism, it is possible that embolism had occurred in some, as recanalization or thrombolysis and fragmentation of an embolism can occur as early as 24 hours after occlusion. 8 - by microemboli. 1213 Clinically, a history of TIA helped to support the diagnosis of ATH in our group. In the setting of occlusive extracranial carotid artery disease, TIAs were more prevalent in patients with hemodynamic insufficiency inferred by angiogram than in those with distal embolism.
14 The ATH subset was reasonably homogeneous given the extent of the work-up with clinically available diagnostic tools. The diagnosis was more straightforward for cardioembolic infarction.
Our analyses showed that besides stroke risk factors and the conventional diagnostic criteria outlined in the Stroke Data Bank definitions, other important clinical signs differentiated the two subtypes. The strongest discriminator for ATH was a fractional weakness of the arm. Apart from a history of cardiac disease, a decreased consciousness was more predictive of EMB. A history of hypertension, diabetes, and male gender were also discriminators of ATH and EMB. If we restricted our model to TIA and cardiac disease, the separation into the diagnostic categories was less accurate. The addition of categories of fractional weakness, decreased consciousness, hypertension, diabetes, and male gender to our model improved the discrimination between ATH and EMB.
Patients with ATH more often had fractional arm weakness than did those with EMB. Our findings were contrary to the current view that infarction in the distal field leads to proximal more than distal weakness of the upper limb. This hemiparesis profile for the arm probably reflects the location of the infarct along the upper portions of the frontoparietal convexity and the organization of the corticospinal tract. The volume of infarction by first CT was not statistically different, although differences in the size of infarction have been reported by other authors. 515 Of our two groups, the ATH group had more superficial infarctions than did the EMB.
Fractional arm weakness was essentially a hemispheral sign. Infarct size, as well as infarct subtype, were independent discriminators of arm weakness profile. However, the relation between volume and occurrence of fractional weakness differed in the two groups. Fractional weakness was more frequently associated with small EMB infarctions, whereas ATH patients were more likely to have a fractional arm weakness regardless of infarct size. We infer that the location and size of infarction play a role in the type of weakness. Further study of infarct location in patients with a fractional or nonfractional weakness may help explain the reasons for the differences between the two stroke subtypes.
*For patients with more than one computed tomographic scan, the first abnormal scan was used. Decreased consciousness was also predictive of EMB. This remained true even after controlling for lesion volume and despite the lower frequency of basilar syndromes in the EMB group. Loss of consciousness has been reported to be more frequently associated with a cardioembolic stroke than with other types of infarctions. 1617 Recent studies of patients with decreased consciousness by CT scan 18 and MRI 19 have suggested that horizontal displacement of the brain above the tentorium is closely related to impairment of alertness. Because infarcts are slightly larger and probably more inferiorly located in EMB than in ATH, the lateral shift may be greater and could account for the increased frequency of decreased consciousness.
Our results demonstrate that these two infarct subtypes can be differentiated by clinical features. The diagnosis in a hypertensive, diabetic man who presented with fractional arm weakness had an estimated 47 times the odds of being large-artery disease as embolic infarction. Of course, this model is restricted to two mechanisms of infarction and does not include the lacunar infarct subtype, which may share more risk factors and clinical features with ATH than with EMB. These results need to be expanded and corroborated using an independent data set. We need to develop a better algorithm for the early clinical differentiation of cerebral infarction subtype that will encourage randomization of homogeneous groups in hyperacute cerebral infarction trials. The improved discrimination of stroke subtype is the initial step toward the development and testing of subtype specific therapies.
